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ABSTRACT—Squawroot (Conopholis americana), a preferred late 
spring and early summer food of black bears (Ursus americanus), 
was collected from Pisgah National Forest, North Carolina, on a 
weekly basis from 25 April to 4 July 1987. Proximate analysis 
procedures were used to determine the nutrient content of the 
plant. Samples were examined for nutrient differences between 
the capsule and stems. Peak percentages were 13% crude protein 
(capsule), 31% crude fiber (capsule), 3% fat [either extract] (capsule), 
and 77% nitrogen-free extract [NFE] (whole plant). Gross energy 
averaged 4.84 kcal/dry g. Levels of crude protein, crude fiber, 
and either extract were similar to values reported for soft mast 
species eaten by bears, and NFE was greater than herbaceous 
material consumed in spring. Trends in protein and fat content 
were higher in the capsules; protein decreased as crude fiber 
increased. Nitrogen-free extract levels were relatively high throughout 
the study and likely represent an important energy source for 
bears feeding on squawroot. 

Squawroot (Conopholis americana) is a perennial, parasitic plant 
(Musselman 1982) common to the Piedmont and southern Appalachian 
(Harvill et al. 1981). Little is known about the plant, but it appears to 
grow only from the roots of oak trees (Musselman and Mann 1978), 
probably by infecting young root tips (Musselman 1982). 

Squawroot also is a common food eaten by black bears in spring 
and early summer in the southern Appalachians (Beeman and Pelton 
1980, Eagle and Pelton 1983, Garner 1986); the species is locally 
abundant and may be nutritionally important to bears. Because of its 
local abundance and time of maturity (often the first productive food 
available), squawroot patches may influence movements of female 
bears in the southern Appalachians. By locating readily-available, 
high-energy foods, females may improve their energy benefit/cost 
ratio, thereby increasing cub survival. The purpose of this study was 
to determine the nutritional content of squawroot. 
1 Present address:  United States Fish and Wildlife  Service,  6620 Southpoint Drive 

South, Suite 310, Jacksonville, Florida 32216. 
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STUDY AREA 

The study was conducted on the Harmon Den Bear Sanctuary, 
Pisgah National Forest, North Carolina. The area is part of the Blue 
Ridge Physiographic Province (Fenneman 1938). The mountains are 
sharply dissected and the terrain is steep. Elevations range from 439 to 
1,411 m; slopes average over 30% (Finlayson 1957). The area is described 
as a warm-temperate rain forest (Thornwaite 1948). Vegetation is diverse 
and changes dramatically with aspect, elevation, soil, and drainage. 
The general area is among the most botanically diverse temperate areas 
in the world (Whittaker 1956). 

The majority (89%) of Harmon Den is in hardwood cover types, 
consisting of white oak (Quercus alba)-northem red oak (Q. rubra)- 
hickory {Carya sp.) (45%), yellow poplar (Liriodendron tulipifera)- 
white oak-northern red oak (26%), yellow poplar (10%), scarlet oak 
(Q. coccinea) (5%), and chestnut oak (Q. prinus) (3%) (U.S. Forest 
Service 1988). 

METHODS 

Whole plants of squawroot (20-30 plants) were collected weekly 
from 25 April to 4 July 1987 at elevations ranging from 946 to 1,068 
m. Quantities of 639 to 1,123 g were obtained each week; samples 
were composited, therefore no statistical analysis could be performed. 
Thus, the trends or differences noted in this paper may not be statistically 
significant. Oven-dried samples were analyzed for crude protein, crude 
fiber, nitrogen-free extract, fat (ether extract), and gross energy (Maynard 
et al. 1979). 

Capsules and stems were analyzed separately to detect nutritional 
differences between them because, as squawroot matured, bears were 
observed to selectively feed on the capsule portion of the plant. Capsules 
were difficult  to separate from the stem before 30 May. 

RESULTS 
CRUDE PROTEIN 

The trend for crude protein (x = 8.8%, SE = 0.51, range = 5.1- 
12.3%) of the entire plant peaked during late May (Fig. 1). Capsules 
(x - 7.8%, SE = 0.78, range = 5.5-13.4% contained more protein than 
stems (x = 5.5%, SE = 0.58, range = 3.6-10.2) throughout the study. 
The highest percentage of protein occurred in the capsules collected 30 
May. However, much of this protein may have been in the seeds (Wainio 
and Forbes 1941) and unavailable because bears do not crack or digest 
the seed coat (Eagle and Pelton 1983). 
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FAT (Ether Extract) 
Fat content in squawroot was low (Fig. 1) and similar to soft 

mast species such as huckleberry (Gaylussacia sp.) and black gum 
(Nyssa sylvatica) (Landers et al. 1979), which also are important to 
bears. The greatest trend in percentage of fat occurred in the capsules 
collected on 13 June. Fat trends were higher in capsules (x = 1.53%, 
SE = 0.14, range = 1.0-3.0%) than stems (x = 0.75%, SE = 0.12, 
range = 0.1-1.4%) for all except the final collection. Mean fat content 
for the whole plant was 1.34% (SE = 0.69, range = 0.7-2.5%). 

CRUDE FIBER 

The trend in crude fiber for the stem (x = 19.23%, SE = 0.65, 
range = 14.8-21.5%) was similar throughout the study (Fig. 1); this 
might be expected because the stem is the only structural component 
of the plant. Crude fiber increased in the capsules (x = 22.62%, SE = 
2.24, range = 10.2-31.5%) throughout the study period and appeared 
negatively correlated with protein. Crude fiber averaged 16.53% (SE 
= 1.65, range = 6.4-29.0%) for the whole plant. 

NITROGEN-FREE EXTRACT (NFE) 
Nitrogen-free extract was highest in early spring and lowest in 

late June in the whole plant (x = 69.1%, SE = 1.14, range = 61.1— 
77.4%) and capsules (x = 63.7%, SE = 1.23, range = 58.4-70.7%) 
(Fig. 1). NFE increased from late May to July in the stems (x = 
70.7%, SE = 2.88, range = 65.1-74.9%). 

GROSS ENERGY 

There was little variation in gross energy among weeks, or between 
the different plant parts; this agrees with Robbins (1983) and Powell 
and Seaman (1990). Gross energy averaged 4.8 kcal/dry g (SE = 0.03, 
range = 4.7-5.1) (whole plant); 5.0 kcal/dry g (SE = 0.05, range = 
4.9-5.2) (capsules); and 4.7 kcal/dry g (SE = 0.06, range = 4.3-5.0) 
(stems). 

The nutritional content of squawroot appeared to change over 
time. Protein and nitrogen-free extract (NFE) concentrations were 
greatest during the early weeks. Fat was greatest during middle of the 
study, and crude fiber was lowest early and increased with time. 

DISCUSSION 
Spring diets of bears in the southern Appalachians contain large 

amounts of herbaceous material (Beeman and Pelton 1980, Eagle and 
Pelton 1983, Garner 1986). Herbaceous material is relatively high in 
protein (Landers et al.  1979, Eagle and Pelton  1983). Nitrogen-free 



Nutrient  Content  of  Squawroot 155 

extract, however, is lowest in spring foods (Landers et al. 1979). 
Eagle and Pelton (1983) suggested that squawroot was probably an 
important energy source for bears because the carbohydrates in squawroot 
are readily absorbed. 

Squawroot is likely a major source of carbohydrates (represented 
by relatively high NFE concentrations) in the spring diet of bears in 
the Harmon Den area. Nitrogen-free extract concentrations in squawroot 
tended to remain relatively high throughout the study, and carbohydrates 
available in squawroot appear to be easily absorbed (Eagle and 
Pelton 1983); this may be important to a bear's overall spring and 
early summer condition. The combination of high protein herbaceous 
material and relatively rich carbohydrate squawroot may be important 
for bears recovering from the denning period; particularly for lactating 
females with cubs, because of their increased nutritional requirements 
(Eagle and Pelton 1983, Rogers 1987). 

The habitat types where squawroot occurs (i.e., mature oak stands) 
should receive special concerns, as management of these stands for 
peak acorn production also would maintain ample sources of squawroot 
for bears throughout their range in the southern Appalachians. 
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